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(54) Ink-tank pen with near, net size porous member 

(57) Disclosed is a novel ink-jet print cartridge (pen) 
in which a body of polyurethane foam (130,132.134) is 
inserted into an ink chamber (160.162.164) of the pen 
for ink containment and backpressure. The ink chan4)er 
(160.162,164) has a tall narrow aspect ratio. The body 
of pdyurethane foam (130.132.134) is felted in the width 
direction of the pen to have a width less than 20% of its 
pre-felted width. After felting, the body of foam 
(1 30, 1 32. 1 34) is cut to have a "near net size" as the inte- 
rior volume of the ink chamber (160.162.164). Specifi- 
cally, the pre-insertion volume is less than about 130% 
of the interior volume of the ink chamber (160,162,164). 
The substantial felting in the width direction provides suf- 
ficient stiffness to the foam (130.132.134) that it can be 
inserted into the tall, narrow asped ratio ink chamber 
(160,162,164). 
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Description 

BACKGROUND OF THE INVENTION 

5 Reld of the inventi n 

The present invention is directed to device arxJ method for storing ink in a reticulated foam for use in ink-jet printing, 
and is particularly directed to reticulated foam that has a volume, before being inserted in the ink chamber, that is dose 
to its net volume after insertion. 

10 

Description of the Related Art 

Ink-jet printers commonly employ ink-jet print cartridges, or "pens/ which include a sophisticated printhead and an 
attached ink chamber filled with a supply of ink. The printhead is a micromechanical part that contains an array of 

75 miniature thermal resistors or piezoelectric transducers that are energized to eject small droplets of ink out of an asso- 
ciated array of nozzles. In some cases the printhead is permanently attached to the ink supply, and in' others the ink 
supply can be separately replaced. The pen is mounted in a carriage in the printer wh«-e the pen electrically interfaces 
with the printer. The printer scans the pen back and forth across the print medium (e.gf:. paper) as the pen ^ects small 
droplets from the nozzles in selected matrix patterns, to thereby print a swath of the desire^ alphanumeric characters 

20 or graphics. After each swath of printing, the printer advances the medium incrementally to begin a new swath. Succes- 
sive swaths are printed in this manner to complete the desired alphanumeric characters or graphics'bn the medium. 

The ink in the pen must be held in the ink chamber at less than atmospheric pressure, si^^the '"k does not drool 
out of the nozzles when the nozzles are not firing. However, this negative relative pressur^oir baB^ressure, must not 
b so great that air is gulped into the interior of the firing chambers, thereby causing them to "deprime" and no longer 

25 function. Various mechanisms have been devised to provide the appropriate backpressure such as resilient bladders 
and combinations of springs and flexible bags. 

One of the most reliable backpressure systems uses a porous material, such as synthetic foam, in the ink tank. Ink 
is injected into the foam and the foam retains the ink at the appropriate backpressure by capillary action. US Patent No. 
4J71 .295 (Baker '295), which is assigned to Hewlett-Packard Ck)mpany (the assignee of the present invention), discloses 

30 an ink-jet pen that uses synthetic foam for ink retention and backpressure. A key feature of the pen disclosed in Baker 
•295 is an ink pipe that extends upward from a bottom wall of the pen body and into compressive contact with the foam. 
The ink pipe is the fluid conduit for the ink from the foam to the printhead. The ink pipe locally compresses the foam to 
thereby increase its capillarity in the region of the ink pipe. As ink is depleted from the foam, tiie increased capillarity 
near the ink pipe tends to draw ink from all other portions of the foam toward the ink pipe, so that the maximum amount 

35 of ink can be drawn from the foam for printing. 

It is inrportant in foam-based pens to keep the foam in secure contact witfi the ink pipe to maintain the compressive 
capillarity and the ink seal between the pipe and the ink-filled foam. If this conpressive contact is broken an air path 
forms from the ambient air around the sides of the foam and into the interior of the ink pipe, resulting in a catastrophic 
deprime of the pen. To ensure adequate compressive contact between the ink pipe and the foam, prior art pens have 

40 employed bodies of foam that are larger in volume than the ink chamber they are to fill. The foam body must therefore 
be compressed by some mechanism during insertion. Once inserted, the compression is released so that the sides of 
the foam can expand into resilient contact with the walls of the ink chamber. This compressive contact with the walls of 
the ink chamber keeps the foam in place and in contact with the ink pipe. In many cases, such foam bodies have pre- 
insertion volumes that can be 50% or more greater than the interior volume of the ink chamber. 

45 It is very important to minimize or avoid wrinkling the foam or causing other compression anomalies in the foam 
during the process of inserting the foam into the ink chamber. Such localized wrinkles and anonrralies introduce unin- 
tended regions of higher compression. These regions of increased compression will have a higher capillarity than the 
sunounding foam, and ink will be stranded at these locations. Ink thus stranded is wasted and will not be availatrfe for 
printing. 

50 The mechanisms needed to insert foam members that have large volumes relative to the internal volume of the ink 
chamber add complexity and expense to the assembly of the pen. One such mechanism, for example, involves parallel 
plates that squeeze the foam to a width smaller than the ink chamber. After the plates and the foam are lowered into 
the ink chancer, a separate mechanism pushes tiie back of the foam while the plates are removed from the pen body 
in a shuffling or ratcheting nrotion. 

55 The complexity f foam insertion mechanisms is compounded as ink chambers become taller and more narrow. It 
has becom increasingly important to make ink-jet pens as nanow as possibi . The ov rail width of the pen influences 
the width of th printer and tfi amount of desk space the printer takes up. In addition, when printing with multiple pens, 
such as in color printing, print quality can be enhanced by making ttie pens nanower. Narrower pens allow the printheads 
of the pens to be more closely spaced so that during printing, as the pen is scanned acr ss th print medium, less time 
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goes by between ejection of the different colored droplets. On the ther hand, users of printers desire that ink-jet pens 
last longer, in other w rds. that they hold mor ink Oft n the best way of increasing the volume of ink while maintaining 
a narrow profile is to make the pen taller. 

However the taller and more narrow the pen is. the more difficult it is to property insert foam into the ink chamber. 
5 Particulariy wHh pens that load the foam from the top down into the pen. the taller the pen is. the more ''^ly rt will be 
that unde^rable wrinkles or other anomalies will form In the foam as the foam is loaded into the pea Also, the taller the 
pen is the more chance there is that friction between the foam and the interior walls of the pen bodydunng insertion 
will imijede the desired compressive force between the foam and the ink pipe. "Oie mechanisms ne^edto 'nsert foam 
bodies that have a substantially greater prennsertion volume than the ink chamber where the ink chamber is tall and 

10 narrow may be prohibitively complex. . , . .u. • ^ 

■mere remains a need for a foam^jased ink containment device that avoids the problems associated with insertion 
of large foam bodies, and which at the same time provides adequate sealing between the foam and the ink pipe. This 
solution would preferably allow for top-down insertion into ink-jet pens having tall, narrow aspect ratios. 

IS. f ^l IMMARY OF THg INVENTION 

' The present invention provides an ink containment device and method for an ink-jet printing system *atincludes 
an ink chamber having an internal volume. A body of synthetic reticulated foam is^inserted into the ink chamber. The 
body has a volume before insertion into the ink chamber less than about 130% of ttie internal volume of the ir.. 

''^^e'invention provides a solution to the problems associated with the insertion of foam bodies into ink Cambers, 
particularly ink chamber with narrow aspect ratios: Since the volume of the foam and/or.^^-1^ 
and/or width of the ink chamber, problems relating to foam insertion into narrow aspect,rato&pensare '"'"TZf^ « 
wouM be very difficult, if not impossible, to insert foam members into tall, narrow aspect-rato chambers, such ^ the 
25 center chamber of the illustrated embodiment, without using foam members made according to the present inventon. 

RRIFF PgSCRIPTlON O F THE DRAWINGS 

FIG. 1 is a perspective, partial cut-away, view of a printer employing an ink-jet pen of the invention. 
30 FIG. 2 is a perspective view of a pen of the Invention. 
FIG. 3 is a side view of the pen of FIG. 2. 

FIG. 4 is an exploded perspective view of a pen of the invention. c = ir,<- •» «i««prf 

FIG. 5 is a sectional view of a portion of an assembled pen. also taken along section line 5-5 of FIG. 3 as viewed 

to the left in FIG. 3. 
3S FIGS. 6 and 7 are side views of a felting mechanism. 

FIG. 8 illustrates sequential steps for forming a low-friction cover sheet 158 for the center foam member 130. 

nPSfiRIPTION OF THE PREFERRED EMBODIMENTS 

FIG.1inustratesanink-jetprinterthatusesapenoftheinvention.TheprinterisiHustiated^^^^ 
paper input trays, paper output trays and other options are not illustrated. The printer, generally indicated at 10. -ndud^ 
Xisbg 12. carriage 14. controller 16. carriage drh,e motor 18 and paper drive motor 20j^ monochrome Wad. pen 
Landamuni-chanierthree^lorpen24aremountedincarriage14asshown.Aprintmedium26.^^ 
10 to be printed on by pens 22 and 24. Print medium 26 may be. for example, paper, transparency film, envelopes, or 

°'^%rirtl"I?Slivates pens 22 and 24 to print upon print medium 26 in a manner wdl Known ^^^^ '^ij'f^ 
described as foltows. Carriage advance motor 18 is linked to carriage 14 by means of belt 28. Controllw 16 acbva^ 
carriage advance motor 18 to drive carriage 14 to the right or to the left in the scanning direchon as^icated by the 
anxw mariied X. Each time carriage 1 4 moves to the right or to the left, the printer pnnts a swath on medium 26. Media 
50 advance motor 20 is connected to gearing mechanism 30 (schematic^ly inustratecj. Gearing •"^ch^™^";^© is co^ 
nected to drive rollers and pindn rdleis (not shown), which in turn directly interface with the medium 26 in a manner well 

"^TftrrSrrge 14 has completed one swath of printing, controller 16 activates media advance motor 20 to movethe 
medium 26 on swath width in the direction mari^ Y. which is the media-advance direction. After another a^/ath is 
55 completed, the medium 26 is advanced another swath width in directi n Y so that another swath may be P""ted. In this 
manner, successive swaths are printed until all of the desired alphanumeric characters and/or graphics are pnnted on 

""^Th^ ar a of medium 26 that is being printed upon may be referred to as the print zone, marked A. Th print zone 
A may be consid red to be the current swath width area that Is being printed upon as carriage 14 scans across medium 
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26. The width of various connponents of pens 22 and 24 ar measured in the scanning direction X. The length of com- 
ponents of pens 22 and 24 are measured in the media-advance direction Y The height of pens 22 and 24 is measured 
in the direction marked Z. which is normal to the print medium 26 at the print zone A. 

As shown in FIGS. 2 and 3, multiK;hamb r pen 24 includ s a main body member 1 1 0. side cover members 11 2 and 

5 114. center cover menr*er 1 1 6. finger tab 1 1 8, and a f I x strip 1 20 containing contact pads 1 22. The finger tab 1 1 8 is 
included to allow the user to more easily insert the pen 24 into the printer carriage 14 as shown in FIG. 1. The main 
body member 1 10 of pen 24 is divided mainly into two parts, the main ink cavity portion 124 and the nose portion 126. 

As shown in FIG. 4, the multi-chamber pen 24 also includes center porous member 130. side porous member 132, 
side porous member 134. center filter 136, side filters 138 and 140. and printhead 142. Printhead 142 is attached to 

10 main body member 1 1 0 by means of a heat curable epoxy layer 1 44. Flex strip 1 20 is heat staked to main body member 
110. Flex strip 120 is a custom-made tape automated bonding (TAB) drcuitformedof a polymer film with custom designed 
copper traces that connect to contact pads on the printhead. An adhesive layer 146 of thermoplastic bonding film is 
laminated to flex strip 120 before It is heat staked to the main body member. Adhesive layer 146 melts and aids the 
bonding of flex strip 120 to the main body member and helps provide electrical insulation for the conductors on the flex 

IS strip. Custom-made TAB circuits are commonly available and widely used in the electronics industry. The printer into 
which the pen 24 is inserted interfaces with contact pads on flex strip 120 to provide the appropriate driving signals to 
cause the resistors on the printhead to fire at the appropriate time. ^ 

Filters 136, 138 and 140 are attached to main body memljer 1 10. A threaded riylonplug 146 is pressed into hole 
1 48 formed in center cap 1 1 6. Likewise, threaded nylon plugs 1 50 and 1 52 are pressefl injpiioles 1 54 and 1 56 formed 

20 in main body menrt»er 1 1 0. The helical thread pattern on these plugs provides an air path to allow the pen to breathe in 
air as ink is depleted from the foam members 130. 132. and 134. The long nanow channel of this helical pattern acts 
as barrier to vapor diffusion from the inside of the peri to the ambient environment. ... * . ."^^g^^v 

A low friction cover sheet 158 is provided to cover the sides of foam member 130. Foam nfiember 130 is inserted 
into center chamber 160 of main body member 110. Foam menr±»er 132 is inserted into side chancer 162, and foam 

25 memt>er 134 is fitted into side chamber 164. Foam members 130, 132. and 134 are preferably formed of a polyether 
based polyurethane open cell foam without anti-oxidant. Other porous materials may also be used, such as innately 
reticulate thermoset melamine condensate. After the foam members are inserted into the main body member, cover 
memljers 1 14, 1 12, and center cover member 1 16 are ultrasonically bonded to the main body menrrber 110 to enclose 
th foam meni5ers 130, 132, and 134 within the pen. Once the step of bonding cover menders 112, 114, and 116 is 

30 conplete. ink is injected into foam members 130. 132. and 134. 

As shown in FIG. 5. main body mender 1 10 is formed as a single unitary part to include the previously described 
center chamber 160, and side chambers 162 and 164. Main body member 110 includes a manifold section 166, which 
channels the ink from the ink chambers 160. 162, and 164towanj the printhead. Main body member 1 1 0, as with other 
portions of the pwi body, is made of glass fHled PET (polyester) with a 15% glass fill. 

35 Manifold 1 66 includes a center ink pipe 1 68 and two side ink pipes 1 70 and 1 72. Ink pipe 1 68 extends upward from 
bottom wall 174 and ink pipes 170 and 172 extend outward from sidewalls 176 and 178. Ink pipes 168, 170 and 172 
form ink inlets to receive ink from their respective ink chambers. These ink pipes have rectangular cross sections with 
dimensions of 9.6 mm by 4.5 mm. and thus have internal cross-sectional areas of 43.2 mm2. RIter 136, which is formed 
of stainless steel wire mesh is heat staked to center ink pipe 168, as shown. Similarly, stainless steel wire mesh filters 

40 138 and 140 are heat staked to side ink pipes 170 and 172. as shown. These filters have the same effective filtering 
area as the ink pipes to which they are attached, i.e., 43.2 mm?. They have a nominal filtration capability of 15 microns, 
and a typical thickness of about 0.15 mm. 

These filters preclude debris and air biA)bles from passing from the foam into the ink pipes. They also provide an 
important function in preventing spiked surges of ink through the filter. The spaces between the wire strands act as fluid 

45 restrictors. which resist fluid flow based on an exponential relationship to the velocity of fluid passing through the filter. 
Thus, if ink is traveling slowly through the filters, for example during printing, nominal resistance is met at the filter. 
Without the filter, if the pen were to be jarred, for example, by being dropped, any surges in the ink could easily cause 
air to be gulped into the firing chambers of the printhead, causing these chambers to deprinrie. However, with the filter 
in place, rapid fluid flow through the fitters is largely prohibited, so that gulping does not occur. 

so Center foam member 1 30 is inserted into center chamber 1 60 from the Z direction to be compressed by center ink 
pipe 168 and filter 136. Center foam member 130 congresses down over and extends around the perimeter of ink pipe 
168 and filter 136. as shown. This compression and overlap of foam member 130 around the perimeter of ink pipe 168 
and filter 1 36, because of f rictional engagement, greatly inhibits any motion of foam member 1 30 in any direction normal 
totheZdirection. Similarly, foam menrtfjer 132 is inserted int side ink chamber 162 fr mth X direct! n shown in FIG. 

55 5 1 be compressed by and to conform around the perimeter of side ink pipe 1 70 and filter 138. Foam mender 134 is 
inserted into ink chamber 1 64 fr m the X direction to be compressed by and to conform around the perimeter of ink pipe 
172 and filter 140, as shown. The conrpression of foam m mbers 132 and 134 by their respective ink pipes and filters 
and their f rictional engagement of the perimeter of the ink pipes and filters greatly inhibits any motion of foam members 
1 32 and 1 34 in any direction normal t th X direction. 
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■niecompressionoffoammembers130.132.and134byth irr spectiv ink pipes and fitter inaeases the capillartfy 
of the foam members in the region of their respective ink pipes and fitters. This capillarity increase raus^nk to be 
attracted toward the ink pipes 168. 170. and 172. Rom thes conduits, the ink is fed to the back side of pnnthead 142 
from which rt can be jetted onto the print medium according to signals received from the print r. 

Printhead 142 is based on a substrate formed from an electr nics grade silicon wafer. The resistors, conductors, 
ink channel architecture, and other printhead components are formed on the substrate using photohttiographjc tech- 
niques similar to those used in making integrated circuits. Printhead 1 42 is a face-shooter design, which means that the 
ink is fed to the substrate from a position behind the substrate, and the droplets are ejected normal to the substrate 
surface Because the ink is fed to the back side of the printhead. the natural orientation of the ink pipe in face^^hooter 
printheadsis normal to and pointing awayfromthe print medium and orthogonal to the scanning direction. One advantage 
of bringing the ink to the printhead surface from the back side is that the inkcontact with the pnnthead can act as a heat 
sink to remove heat from the printhead as printing progresses. ^ ^ ,*« ^ n«n Ae 

As can be seen, the width W1 of the printhead 142 is signWicantly smaller than the width W2 of the entre pen. As 
has been stated, minimizing the size of the printhead is important in minimizing the overall of of the pen because of 
the relatively expensive components in the printhead. tt is also apparent that the only ink-to-.nk interface between inte 
rfdifferent colors occurs at thebacksideoftheprinthead 142. Specmcally. adhesive layer144teepst^ 
colors apart Thus, even though pen 24 carries a relatively large volume of ink and has a relatively small pnnthead the 
manifold feature 166 allows the printhead to have only one ink-to-ink interface, mother words, thereare "osearre or 
other connections at other positions in the printhead where ink of one color might leg. irito a ^f^-^Jf 
another color. Thisbenefidalfeatureofhavingonly one ink-to-inkinterfaceisaccomplishedbecauserfm^^^ 

166 being formed as part of the main body member 1 10. And because the outer chambers are loaded from the sides, 
no ink-to^nk interface occurs at the pointdattachment of the cover members11.2J14v^16 
1 10 Thus, an ink-to-ink interface is eliminated as compared to previous-generation muRi^coldr HP pens, in whi* tfie 
region of attachment of the ink chamber cover member provided an additional ink-to-ink interface, with the inherent nsk 

'"fhTceSter chamber 160 is defined by the space between sidewalls 176 and 178 and extending upwardy from 
bottom wall 174. The side chambers 162 and 164 aredefined to be on the outside of sidewalls 176 and 178 respectively. 
Ink pipe 168 extends upwardly from bottom wall 1 74 and into compressive contact wfth the carter foam member 13a 
Inwardwalls 176 and 178 extend upwardly from bottom wall 174. Ink pipes 170 and ^^^^"^^1°^'"^ 
walls I76and 178.respectively.andintocompressive.contactwtththerespectivefbammenrtoers ^^and 134 as shown, 

ManribW 166 has three ink outlets. 183, 184. and 185. Printhead 142 has three groups of "°«'^.!f 
As can be seen, center ink pipe 168 fluidically communicates with center ink ouUet184. and thus wim^^ 

of nozzles 187. Side ink pipe 170 fluidically communicates wfth ink outlet 183 and hence with nozzle group 186. Side 
ink pipe 172 fluidically communicates with outlet 185 and hence wrth nozzle group 188. „„:,ioriK, 
tt is important that ink pipes 168. 170. 1 72 extend into compressive contact with the foam to increase the cap.llarrty 
of the foam in the region of the ink pipes. The fitters 136. 138. and 140 also serve an important role 
compression. In the previous-generation pens produced by the assignee of the present inventon. d-scussed ab€ve^ 
th^inkpipes extend upwardly, allinthe same direction, fromabottom wall of thepenjhesem^^^^ 
in the same direction, upwardly and away from the bottom wall of the pen. However, m the illusjated Pf" P/J^^^ 
invention, only one of the ink pipes, ink pipe 168. extends upwardly away from the bottom wall 174. The other two ink 

Dioes 1 70 and 1 72 extend outwardly into their respective ink chambers. . . ^ 

Thedimensionsofthepen24aregiveninTable1.below.Thesedimensionsaregivenforthemain.nk^^^ 

124 and ignoring the nose portion 126 (Fia 3). For the portions of pen 2* described fte widttijtatoi along 
length is taken along the Y axis, and height is taken along the Z axis. As shown in FIG. 5. ^^^^Tr^^- 
bottom width W3 and a top width W4. Chambers 162.164 have bottom wKlths WS. W7 and top widths W6. W8 respec 
tively. All dimensions are given in millimeters except where indicated. 

Table 1 



Pen 24 Dimensions 








Bottom Width 


Top Width 


Bottom length 


Top Length 


Height 


Volume (cc's) 


Center Chantier 


8.05 


10.29 


56.64 


57.73 


68.07 


35.71 
















Sid Chambers 


9.83 


8.64 


55.75 


55.75 


70.01 


36.04 


162 and 164 















50 



55 
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The following Table 2 compares the h ight of th thre ink charrt>ers 160. 162. 164 against th ir respective widths. ~ 
Sine the thre chambers each have differing widths along their height, the height/ width conipari^ made for the 
bottom width, top width, and average width of each chamber. 



Table 2 



Pen 24 Dimension Ratios 




height/width ratios 


length/width ratios 




bottom 


top 


average 


bottom 


top 


average 


Center chamber 160 


8.46 


6.62 


7.42 


7.03 


5.61 


6.24 


Side Chambers 162 and 164 


7.12 


8.10 


7.58 


5.67 


6.45 


6.04 



Thus the height/width ratios are all at least 6. with most of them at least 7. They range from al)Out 6-'l/2 to about 8- 
1/2. The height/width ratios using the average widths of the chambers are all at least 7.^nd are dose to about 7-1/2. 
The length/width ratios are all at least 5. They range from about 5-1/2 to about 7. TheTength/width ratios using the 
average widths of the chambers are all in about the 6 to 6-1/4 range. . - - 

The dimensions and dimension ratios of the chancers of pens 24 can be compared to corresponding values of 
previous-generation pens produced by Hewlett-Packard Conrpany. the assignee of the present invention. The following 
Table 3 gives the dimensions and key dimension ratios of previous-generation HP pens, as j^f^^^ by their commonly 
known and widely used model numbers. ^ 

Table 3 



Previous-Generation HP Pens 



Pen Type 


Cavity Size 


Cavity Ratios 




width 


height 


length 


ht/wid 


In/wid 


51 606A (PaintJet black) 


22.6 


32.8 


31.4 


1.45 


1.39 


51606A (PaintJet color) 


6.8 


33.0 


32.8 


4.89 


4.86 


51608A (DeskJet black) 


25.3 


41.2 


34.3 


1.66 


1.36 


51625A (DeskJet color) 


14.2 


42.0 


25.6 


2.96 


1.80 



As indicated in Table 3. DesWet 51608A color pens have a height/width ratio 2.96 and the length/width ratio is 1 .80. 
A question that must be resolved, however, is what is the "width" of the chambers in the 51 625A DeskJet color pen. For 
the purposes of the above tables, the narrowest dimension, which is in the media-advance direction, is selected as the 
width dimension. If the dimension along the scanning direction (when the pen is installed in the printer) is chosen as the 
width, then the width and length measurements would be interchanged in the above tables. The charribers in the 51 625A 
color pens are narrower in the paper-advance direction because they are transversely oriented, or arranged side by side 
in the paper-advance direction, rather than in the scanning direction. This transverse orientation aeates the need for a 
complicated manifold to duct the ink from the ink chambers to the printhead. This manifold must beiormed as a separate 
part and attached, e.g.. by adhesive or ultrasonic wdd to the bottom of the pen. The manifold thereby introduces unde- 
sirable additional ink-to-ink interfaces between inks of different colors at locations where pen parts are attached to each 
other. 

PaintJet 51606A color pens have a height/width ratio of 4.89 and a length/width ratio of 4.86. Thus, the PaintJet 
c lor pen chambers have close to a square cross section as viewed from the side, and may be considered as having a 
narrow aspect ratio PaintJet color pens avoid tiie problem of multiple ink-to-ink interfaces between pen body parts. 
However, these pens have the undesirat>le trait of having a very wide printhead. This wide printhead is expensive and 
also places the n zzles groups con-esponding to the three col rs farther apart than is desirable for improved print quality 

It is significant to note that ttie height/width ratio f the p n 24 chambers are between 35 to 73% greater than the 
height/width ratio of the PaintJet color chambers. In terms of absolute height, the height of the pen 24 chambers is about 
70 mm (excluding th nose portion 126); whereas the height of the PaintJet color chambers is just 33 mm. Therefore, 
the pen 24 chambers are more than twice as tall as th PaintJet color pen chambers. 
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Previous HP foam-based pens have the ink pipe extending upward into th foam from a bottom interior wall of the 
pen. This upward orientation, normal to th printhead surface and to the print medium is the natural orientation for the 
ink pip in face-shooter pens. However, because of the abs lut h Ight of pen 24 and its height/width aspect rati . 
loading the foam into th ink chambers from the top would be difficult without introducing wrinkling or other anomalies 
5 inth foam that cause stranding of ink. 

Pen 24 also has nan'ow aspect ratio ink chambers, since it has bott\ a height/width or length/width ratios of 4 or 
more. Even though the ink chambers in pen 24 have nanrow aspect ratio ranges as indicated in Table 2. the foam members 
are loaded into their respective chambers 160, 162. and 164 without introducing the above-mentioned problems asso- 
ciated with narrow aspect ratio ink chambers. This is true because of various factors. First, the foam members are highly 
10 felted, which provides these foam members enhanced stiftness. In addition, the foam members are felted to have final 
dimensions close to the interior cavity dimensions of their respective chambers. (Felting is discussed more corrpletely 
In reference to FIGS. 6 and 7.) In center chamber 160, which must be loaded top down, the chamber has a greater width 
near its top than near its bottom, so that the walls of the chamber increasingly compress the foam as it is loaded. 
Finally, the outer chanrtoers 162 and 164 of pen 24 open to the side, rather than from the top. and the foam menibers 
15 1 32 and 1 34 are loaded from the outward side. This produces the result that foam members 1 32 afid 1 34 only need to 
beJoaded over a very small distance (about 9 mm) into the pen body before they in conpressivie contact with their ink 
pipes. Therefore, problems related to foam insertion, such as ink stranding and uncertain contact with the ink pipe, are 
minimized. In addition, assenrWy costs are reduced, because there is no need for^fepecialized tools to insert the foam 
into the pen body The foam can be fairly sintply inserted into the outer chambers. ^ ^ ^ 
20 An important issue that must be considered is the molding process that must be used to form the pen body parts. 
Ink-jet pen bodies are typically formed of injection molded plastic. The chambers of the previous"generation HP foam- 
based pens have their ink pipes extending upward from the bottom of the chan*»qrs ^ricf^g^fprmed to have the foam 
inserted from openings from the top of the chambers. These chambers are therefore fbrmbd a% deep interior cavities. 
To form such a deep cavity, a moWing part must extend deeply into the plastic part being molded. In the case of three- 
25 chambered pens, there must be three such mold parts closely spaced skle by side. After the plastic is injected into the 
mold and around the molding parts to form the pen body, the deep mold sections must be removed from the ink chambers. 
The greater the height/width and/or length/width ratios are. the more difficult it is to remove these nnold sections without 
damaging the moWed part. If all three of the chambers in pen 24 were formed as deep cavities so that the foam was 
Inserted from the top down, the molding assembly would be very difficult to design, if indeed possible at all. because of 
30 the difficulty in removing interior moWing parts from three such deep, side-by-side chanrtoers. 

Center chamber 160 is formed as a deep cavity. However, the problems with such deep chanrtbers are solved to 
some degree in the center chamber by forming the center chamber to have an increasing width from the bottom toward 
the top. Since the exterior of the pen has a generally rectangular shape, the outside chambers must therefore have a 
decreasing width from the bottom toward the top. Thus, it is feasible to have one chamber (the center chamber) have 
35 such an increasing width, but it woukl not be feasible to have all three chambers have such an inaeasing width, unless 
the pen had a non-rectangular outer form factor, or if the walls of the pen were of non-uniform wall thickness. Either of 
these alternatives are undesirable. 

Before foam body mennbers 130. 132, and 134 are inserted into pen 24. they must be lelted." As stated, foam body 
members 130. 132, and 134 are preferably formed of reticulated polyurethane foam. Felting is a process in which foam 
40 is subjected simultaneously to heat and compression, which causes the foam to take a set and retain its compressed 
state. The felting process is desaibed in reference to FIGS. 6 and 7. Before felting, the foam has an average pore size 
of 85-90 pores per inch, a density of about 1 .3 lbs. per cubic foot, and a thickness of about 2.3 inches. 

In FIGS. 6 and 7. two fdting presses 210 and 212 are used to felt a reticulated polyurethane foam member 214, As 
shown in FIG. 7, the felting presses 210 and 212 are brought closer together to compress foam member 214. At the 
45 same time, heat is applied through felting presses 210 and 212. which causes the internal structure of foam member 
2 1 4 to take a set and to retain its compressed conf iguration shown in FIG. 7. The foam is f elted.at 360** F for 35 minutes. 
After felting, the foam has a thickness of about 0.42 inches. Tlius. as compared to their uncompressed state as shown 
in FIG. 7. the foam body members 1 30. 1 32. and 1 34 are felted a total of 548% before insertion into the pen body Stated 
another way. the foam is felted to about 18% of its pre-felted state. The foam used in pen 24 has a significantly higher 
so felting than previous-generation HP pens. 

A large slab of foam is felted, and the foam menrtoers are cut from this slab. Foam menders may be either cut with 
saws or die stamped. Die stamping is preferred because it is more efficient and less expensive. Felting makes the foam 
bodies much easier to die stamp because the felted foam is stiffer and resists rolling around the edges during the stamping 
proc ss. If the foam is not felted, it is not as stiff, and the edges roll exc ssively during the stamping process. Even if 
the foam body is felted and die stamped, it is preferable to do a finishing step of sawing certain edges of the foam body 
t mak them mor square, particularly the edges parallel to the Z axis as shown in FIG. 4, such as edges 218, 220, 
222. and the other vertical edge not shown. 

A bendit f th felting process is that it aids in the insertion of the foam members into the pen body This is particularly 
true of the center foam member 1 30. The felting process makes th foam more stiff in the 2 dir ction as viewed in FIGS. 
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4 and 5. The c&ii r chamber 160 is particularly long and narrow. It is difficult to insert a foam m mber in such a long 
nanow chamb r. However, the stiffness of the foam after being felted allows the foam mender to be more easily inserted 
in to the center chamber and reduces the lik lihood that wrinWes or non-uniformities occur in the foam. It is extremely 
important to avoid such non-uniformities, because at each p sition where the foam has localized high compression, the 
5 foam at these positions will have a slightly higher capillarity and will cause a certain amount of ink to be stranded at 
these locations in the foam. 

Additionally, this stiffness helps in maintaining a positive compression and seal between ink pipe 168 and foam 
member 130. Foam members 132 and 134 are much more easily inserted into the side chambers 162 and 164, But 
even in this orientation the additional stiffness achieved by the felting process helps in keeping the foam bodies 1 32 and 

10 1 34 in compressive contact with ink pipes 1 70 and 1 72. For the foam in all three chambers, the felting axis or direction 
is in the same, and is the direction in which the felting presses 210 and 212 move during the fetting process, which is 
the X direction as shown in FIGS. 6 and 7. 

As staled, the center chamber 160 is wider near its top than near its bottom, or closer to the bottom wail 174. The 
center foam member 130 after felting is about the width of the center chamber near its top. Therefbre.Jhe center foam 

75 member 130 is additionally compressed by inward walls 176 and 1 78 as the center foam member is inserted into center 
chamber 160. 

Loading of the foam in the center chamber is improved over previous generation pens because of the "near net" 
siz of the foam slabs used in pen 24. The volumes of the ink chamber cavities as cbrnpJared to the volume of the foam 
prior to insertion is set forth in the following Table 4. . v - - 

20 

Table 4 

Volume Comparisons (cc*s) • \ 



Pen Type 


Cavity 


Foam 


Foam/Cavrty Ratio 


51606A (PaintJet black) 


23.28 


35.28 


1.51 


51606A (PainUet color) 


7.36 


10.98 


1.49 


51 608A (DeskJet black) 


36.53 


67.69 


1.85 


51 625A (DeskJet color) 


15.27 


23.99 


1.57 


Center Chamber 160 


35.71 


45.13 


1.26 


Side Chambers 162, 164 


36.04 


44.18 


1.23 



35 

Thus in the previous generation HP foam-based pens, the foam/cavity volume ratios are on the order of about 1.5 
or greater. This means that the overall volume of foam before insertion into the chambers was at least 50% greater than 
the actual volume of the chan^jer into which the foam was inserted. This requires that the foam be squeezed into the 
chambers during the insertion process. This squeezing requires additional machinery to insert the foam into the cham- 

40 bers while it is compressed by some means. 

Before the development of the present invention, it was believed that this extra pre-insertion volume of foam was 
necessary to achieve proper corrpressive contact between the foam, the interior walls of the pen, and the ink pipe. 
However, because of the increased felting of the foam members in pen 24. which adds significant amounts of stiffness, 
the foam members can be closer to the cavity volume before insertion into the cavity. As shown in Table 3. the foam 

45 members of pen 24 have a pre-insertion volume that is between 1 .23 to 1 .26 times the cavity volume. The foam members 
thus have a pre-insertion volume that is about 125% of the cavity volume, which in effect becomes the post-insertion 
volume. A pre-insertion volume that is less than 130% of its post-insertion volume is preferable, and a pre-insertion 
volume about 125% is highly preferable. A pre-insertion volume less than 130% of-the post-iosertion volume is consid- 
ered to be "near net size." 

50 FIG. 8 illustrates a sleeve or envelope 1 58 that may be used to wrap the center foam member 1 30 before it is inserted 
into the tall nanrow center chamber to aid in the insertion. Rrst, a sheet of low-friction material is cut as shown at the far 
right in FIG. 8. One useful material that has been found for this sheet is a material known by the tradename Tyvek (R) 
available from E.I. DuPontde Nemours & Co., Inc. of Wilmington, Delaware. Other usable materials include Mylar (TM) 
or Mylar with a Tef ton (TM) coating. Mylar and Teflon are also available from DuPont. Within the interior of the rectangular 

55 sheet 158, the solid lines or curves repr sent cuts and dotted lines represent folds. The portions represented by cross 
hatching are cut out and discarded. The sheet 158 is folded to appear as shown at position B in FIG. 8. Portion 232 
fornre a saddle that rests under foam memb r 130 as shown. Sheet 158 thus is comprised of saddl 232 and side 
portions 234 and 236. 
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■m sheet 158 is then wrapped around center foam member 130 as shown at positions C and D of F'G;^- 
sadd^ 232 tsin SnTarwrSfbotfom face 238 (See FIG. 4) of foam member 130. sWe portion 234^ .n contart witt, 
^ITzi^ ^Sam member 130. and side porti n 236 is in contact with side face 242 of foam -n*er 130^ S^le 
^Son 2^ ke«)s th Sheet of material 158 in place on foam member 130 as it is inserted downward into ttie inten r 
riter?haS?r 160 ^1^1 232 allows she 1 158 to r sist the frictional forces against the sides of the .nk chamber 
160 as the sheet 158 and foam member 130 are inserted into chamber 160. 

in another embodiment, sheet 158 is formed as two separate sheets and attached to the sjdes of foam member 
130 tn^ e^meS *ese separate sheets are identical to portions 234 and 236. while saddle portion 232 « cut 
TuJ^ies^te sleets 234 ^236 

''TanS^r"!;;^^^^^^ er/hl? 1 58 is formed of a material that expands when exposed to inK As 

shee iSlTeCSnTco^^ inK It fills in any voids that may exfet between the foam and the chamber 
!.! a^fcLoTe possibility of an air path forming around the sides of the foam and into the .nk pipe 168. 

ILo^ *e 2»raSate S^essure. "nie material used also preferably has a lower coefficient of fncton than foam 
S^STS^rawJ^sfrong enough when dry to resist tearing during insertion of the sheet 158 and foam 
1^ 1 30 ?^,^S?y uS Ler^ for sheet 1 58 is paper, since most inks, which are typically wat«;based. 
o!^?^«Slu3SS?ftoere swell up IWIost paper becomes significantly more fragile after rt has been wetted. How- 
^rthefTltoaXe?"^^^ 

^^IkI fc^m that the wet tear strength of paper is not a problem. Bond paper provides reasonable strength, expan- 
^n andTctio"^^^^^^^^ 

Tn^of a three^ambered pen. it is also adaptable for use in a single color pen c^pltple .nk chambers of a 

'""'''T?urrnTrJc?nrainmentdevice.andamethodofmanufa^^ 
asso^^S?^inserfon<Sr^^ 

nfJ^ aS^rXs vet the f<am is inserted with minimum foam wrinkling or compression anomalies. The benefrts of 
the^SSSmm2^b*Vr4^^ 

Tf^t ^eTrts ni'^JXalt^^^^^^ volume) before insertion and because it is highly felted along the 



30 width direction. 
Claims 
1 



35 



40 2. 



An Ink containment device for an ink-jet printing system, comprising: 
an ink rhamberneo 162 164) having an internal volume; and 

TbX i^^c^e^oilated foam (130.132.134) inserted into said ink chamber (160 162.164 and hav^g 
a volumeW;,^Son into said ink chamber (160.162.1 64) less than abo^ 

ink chamber (160.162.164). 

An ink containment device according to either claims 1 or 2 wherein said body of foam (130.132.134) is fetted in a 
felting direction before insertion into said ink chamber (160.162.1 64). 

An ink containment device according to any preceding claim wherein said ink chamber (160 162^64) has a w'J 
S:jJo~ptLlS to S feKing dire,J on and a height direction (Z) orthogonalto saW felting direction, and where.n 
the direction of insertion of said foam (130.132.134) is along said height direction (Z). 

An ink-jet pen for an ink-jet printing system that scans saW pen in a scanning direction OO aaoss a print medium 
(26) at a print zone (A), comprising: 

^''i'rcS2r^(160.162.164) fluWically coupled to said printhead (142) and having a v«dth Je^o" P^^^;^ 
to said^nnS^Sion (io and a Uht direction (Z) normal to ^« prim 

a body of reticulated polyurettiane foam (130.132.134) inserted into sa«l ink chamber (1f0.162.1641 aiaj 
said hefoWd'^on (Z). sad foam (130.132.134) having been fetted in said width direction and ha^^ng a volume 
SSre^nSrtioSrl 2d ink chan* r (160.162.164). less than 130% of «ie internal volume of said ink chamber 
55 (160.162.164). 

5. An ink containment device or pen according to any preceding claim wherein sad foam (130.132.134) is felted at 
least 500% in said felting direction. 
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An ink containment device or pen according to any preceding claim wtierein the height of said ink chamber 
(160,162.164) is at least 6 times its width. 

An ink containment device r pen according to any preceding claim who'ein the height of said ink chamber 
(160.162.164) is at least 7 times its width. 

An ink containment device or pen according to any preceding claim wherein said body of foam (130.132.134) has 
a volume, before insertion into said ink chamber (160 1 62 164), of about 125% or less of the interior volume of said 
ink chamber (160,162,164) t>efore being inserted into said ink chamber (160,162,164). 

A method of providing an ink-jet pen. comprising the steps of: 

providing an ink chamber (160.162,164). fluidically coupled to a printhead (1 42), and having an internal vol- 
ume with a height at least 6 times its width and a body of reticulated polyurethane foam (130.132.134) that is felted 
at least 500% in a scanning direction (X), said foam (130.132.134) having a pre-insertion volume less than 130% 
of the interna! volume of said ink chamber (160,162,164), and 

filling ink into said body of foam (130,132.134). 
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